An Escherichia coli K 12 strain, ~5 -3 (R313), was presumed to carry an Ji-R factor, R313, which determined resistance to the drugs tetracycline (Tc), streptomycin (Sm) and Sulphonamide (Su), and also determined a host specificity, hsII. When this strain was used as a donor of drug resistance, separation of R factor-carried determinants was observed in ex-conjugants. Resistance to Tc and hsII character were not separated, nor was resistance to Sm separated from resistance to Su, but separation of these two pairs of characters was observed. Tetracycline-sensitive segregants, obtained by penicillin selection, were resistant to Sm and Su, but had lost the hsII character. Similarly, segregants for selected sensitivity to Su were sensitive to Sm, but resistant to Tc and hsII+. The same pattern of separation of characters was also observed when drug resistance was transduced with phage P I, with the additional finding that the Sm and Su resistant transductants lacked sex factor activity. The resistance to Sm carried by these transductants could be mobilized by an fi-R factor, R 143. Explanations of this behaviour are considered, including the possibility that the strain 55-3 (R313) had carried two Ji-R factors. This explanation would also require that the transduction of an R factor by phage P I is not always complete.
INTRODUCTION
Resistance transfer factors (R factors) of the Enterobacteriaceae determine transmissible resistance to antibiotics and have also been shown to be associated with genetic determinants for other characters (Meynell, Meynell & Datta, I 968) . These include reduction of the efficiency of plating (e.0.p.) of bacteriophages which in several cases has been shown to be due to the operation of host specificity determinants (Yoshikawa & Akiba, 1962; Molina, 1964; Watanabe, Takano, Arai, Nishida & Sato, 1966; Bannister & Glover, 1968) . Host specificity determinants control two bacterial functions : restriction of foreign DNA and modification of DNA synthesized in the bacterial cell (Luria, 1953; Arber & Dussoix, 1962) . At least two different host specificities are associated with R factors (Bannister & Glover, 1968) , one of which, termed hsII (identical with the R factor-associated host specificity observed by Watanabe et al. 1966) , proved to be convenient marker in the investigation of an unusual R+ strain of Escherichia coli ~1 2 .
The e.0.p. of bacteriophage A grown on E. coli K (A.K) is 1.0 on E. coli K, and I x I O -~ on a strain carrying hsII (Bannister, 1969) , a difference which can be detected by use of a single critical dilution of bacteriophage A.
The R+ strain ~5 -3 (R313) is resistant to streptomycin (Sm), sulphonamide (Su), and tetracycline (Tc), and is hsII+. This strain acts as a donor for all three drug resistances and for the hsII determinants, but segregation of these four characters was observed in exconjugants obtained after mating. The R factor R313 behaved on testing asfi-, i.e. it did not repress the expression of F (Watanabe, Nishida, Ogato, Arai & Sato, 1964) . Generally, two R factors of the samefi type cannot co-exist stably in the same cell (Harada et al. 1961; Mitsuhashi et al. 1962; Watanabe et al. 1964) , and since the strain clearly did not carry an$+ R factor, it was investigated to determine the number and type of sex factors and plasmids it carried. This paper presents the results of that investigation.
METHODS
Bacterial strains. Two strains of Escherichia coli K 12 were used: c600 thr leu thi lac (Appleyard, 1954) and 55-3 pro met (Clowes & Rowley, 1954) . J5-3 (R313) was the gift of Drs Elinor Meynell and Naomi Datta. The R factor, R313, isfi-and determines I-like sex pili (Lawn, Meynell, Meynell & Datta, 1967) .
Bacteriophages. Phage h vir, a virulent mutant of phage A (Jacob & Wollman, 1954) . Phage P I (Lennox, 1955) .
Media. Oxoid nutrient broth: Oxoid no. 2 broth powder, 25 g.; distilled water, 1.0 1. L-broth: Difco tryptone, 10 g.; yeast extract, 5 g.; NaCl, 10 g.; distilled water, 1.0 1.; pH 7.2. Nutrient agar: Oxoid nutrient broth solidified with 12.5 g./l. of Davis New Zealand agar. Difco agar: Oxoid tryptone, 10 g.; NaCl, 8 g.; glucose, I g.; Difco Bacto agar, 10 g.; distilled water, 1.0 1. VB agar: VB salts (Vogel & Bonner, 1956 ) solidified with 15 g./l. of Davis New Zealand agar. Soft agar for overlays: Difco Bacto agar, 6 g.; distilled water, 1.0 1. M9 medium: Na,HPO,, 7 g.; KH2P04, 4 g.; NaCl, 0.5 g.; NH,Cl, I g.; distilled water, 1.0 1. with addition after sterilization of MgSO, to 0-001 M and CaCl, to O*OOOI M. Amino acids used at a final concentration of 20 ,ug./ml.; sugars used at final concentration of 0.2 %; thiamine hydrochloride used at final concentration of I ,ug./ml. Antibiotics : Tetracycline (achromycin hydrochloride, Cyanamid) used at a final concentration of 50 pg./ml. Streptomycin (streptomycin sulphate BP, Glaxo) used at final concentration of 20 ,ug./ml.) Sulphonamide (sulphamezathine, ICI) used at a final concentration of 20 pg/ml. Penicillin (benzyl penicillin, Glaxo) used at a final concentration of 20 ,ug./ml.
Phage P I transductions. Overnight cultures of an R+ strain were diluted I in 10 into L-broth, grown at 37" for gomin. and harvested by centrifugation. The pellet was resuspended in L-broth containing 0'01 M-C~CI,, to give a titre of 2 to 5 x 108 bacteria/ ml. Phage P I was added at a multiplicity of 0-1, and was allowed to adsorb for 20 min. at 37". Unadsorbed phage were removed by centrifugation, and samples of the resuspended bacteria, and suitable dilutions, were added to 3 ml. of soft agar and poured over supplemented VB agar plates. Since the VB agar contains citrate, no further precaution against readsorption of phage P I was taken. Colonies appearing after 24 to 36 hr incubation were picked for purification.
Penicillin selection. Selection for loss of tetracycline resistance was carried out in Oxoid nutrient broth, but M g medium was used for selection of sulphonamide sensitive segregants. Overnight cultures were diluted to about 104 cellslml. and were grown with aeration by bubbling at 37" for 2 hr. when 50 ,ug./ml. of tetracycline, or 20 pg./ml. of sulphonamide, were added. Aeration was continued at 37" for a further 60 min. and while the number of bacteria was still less than 1 0 ' cells/ml., zo,ug./ml. of benzyl Co-existence of twoji-sex factors 275 penicillin were added. Aeration at 37" was continued for 4 hr, the culture was centrifuged and samples spread on supplemented VB agar plates. Colonies appearing after 24 hr incubation were purified by two serial single colony isolations and re-tested.
Transfer of drug resistance. Overnight cultures of an R+ donor strain in Oxoid nutrient broth were diluted I in 10 fresh broth and grown for 90 min., then diluted I in 10 into an overnight broth culture of a recipient strain. The mating mixture was grown at 37" for 30 min. and then centrifuged and resuspended in M 9 medium to reduce the amount of broth added to the plates at the next stage-an important consideration whenever sulphonamide resistance is to be selected. Samples of the mating mixture, or suitable dilutions, were added to 3 ml. of soft agar and poured over appropriately supplemented VB agar plates. Contraselection against the growth of the donor relied on omission of its growth requirements. Each cross was controlled by plating donor and recipient separately on the various selective media, and the donor bacterial concentration was assayed on Oxoid nutrient plates. The drug resistances of donor cultures were checked by use of an Oxoid multodisk code no. 30-19N. After 24 to 36 hr incubation at 37", R+ recipient colonies were picked and stabbed onto selective VB agar plates, grown for a further 24 hr at 37", and their drug resistances scored by replica plating.
Detection of the hsIZ determinant. Detection of the presence of hsII was based on the reduction in e.0.p. of bacteriophage h .~ on hsII+ strains. A confluent streak was made on Difco agar plates of each colony under test and the streaks were spotted with critical dilutions of phage h vir grown on R-Escherichia coli K 12, followed by overnight incubation at 37". The dilution of bacteriophage h vir was so chosen that hs1I-t strains showed no plaques and hsII-strains showed confluent lysis.
RESULTS
Separation of two linkages groups during conjugal transfer. In preliminary experiments, the Escherichia coli strain 55-3 (R313) acted as a donor of resistance to each of the drugs tetracycline (Tc), streptomycin (Sm) and sulphonamide (Su), but it was observed that not all exconjugants selected for resistance to Sm were resistant to all three drugs, nor were all of them hsII+. Using 55-3 (R313) as the donor, and c600 as the recipient, a more detailed analysis was carried out by selecting exconjugants resistant to Tc, Sm and Su separately, and scoring their resistance to each of the other two drugs and for the presence of hsII. The results of two such experiments are presented in Table I . Separation of R factor-associated characters occurred on conjugal transfer according to a pattern giving only three types of exconjugant. Selection for resistance to tetracycline produced exconjugants resistant to Tc and hsII+ as well as exconjugants resistant to Tc, Sm, Su and also hsII+, Selection for either Sm resistance or for Su resistance also resulted in the production of two types of exconjugant. One type (also observed when Tc resistance was selected) was resistant to all three drugs Tc, Sm and Su and hsII+, the second type was resistant to Sm and Su. The R factor-associated characters of each type of exconjugant remained associated with one another and were transmissible in subsequent matings.
When a purified exconjugant, resistant to Tc, Sm and Su, and hsII+, was used as a donor and 55-3 as the recipient the same pattern of segregation was observed, as was found when ~5 -3 (R313) was the donor ( Spontaneous segregation of drug resistance. The separation of donor characters on transfer could have reflected a high rate of segregation of these characters in the donor strain itself. To test this, single colonies of ~5 -3 (R313) were surveyed by replica plating for loss of drug resistance, but after screening several hundred colonies no colony sensitive to any of the drugs Tc, Sm or Su was found. Table I . Properties of exconjugants from the cross J5-3 (&I31 x c600
Overnight cultures of ~5-3 (R313) were diluted 1/10 in broth, grown for gomin., diluted 1/10 into an overnight culture of c600. After 30 min. the mixture was centrifuged, resuspended in minimal ~g medium and samples added to tubes containing 3 d. of water soft agar which was then poured on to supplemented VB agar plates. The colonies appearing after 24 to 36hr were purified and tested for drug resistances. At least 20 colonies (if available) were tested for presence of hsII by spotting streaks on Difco agar plates with critical dilutions of phage h.K (see Methods). Presence of a sex factor was determined by using at least two purified single colonies as donors, following the procedure for transfer of drug resistance outlined in methods. Isolation of drug sensitive colonies after penicillin selection. Following the failure to find drug-sensitive colonies by simple replica plating, a small number of segregants was obtained after applying penicillin selection to enrich the culture for rare cells sensitive to one or other of the bacteriostatic drugs Tc and Su. The drug-sensitive segregants found are listed in Table 3 , which shows that loss of resistance to Tc was invariably accompanied by loss of the hsII determinants, while resistance to Sm and
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Su was retained. On the other hand, loss of resistance to Su was accompanied by loss of resistance to Sm, but retention of resistance to Tc and of the hsII determinants. Both classes of segregants acted as donors of the characters which had been retained. Transduction of drug resistance by phage P I . The results of conjugal transfer and penicillin selection suggest the presence of two sets of linked characters, Tc resistance associated with hsII, and Sm resistance associated with Su resistance. The strain must also carry at least one sex factor, and transduction with phage P I was used to investigate the relationship of the sex factor with the other transmissible determinants. Phage P I generally transduces the entire R factor, in fact co-transduction of drug resistance determinants and sex factor activity is generally regarded as evidence of a single structural unit for the R factor (Mitsuhashi et al. 1962) . The results of two transductions using phage P I grown on J5-3 (R313) are shown in Table 4 . In agreement with the Table 5 . Transfer frequencies from strains carrying phage P I transduced Sm resistance and a sex factor Transfer was measured by the procedure outlined in Table I results presented above there was separation of the R factor-associated characters ; selection for resistance to Tc yielded colonies which were also hsII+, and selection for either Sm or Su resistance produced colonies resistant to both these drugs. Colonies carrying more than two of these characters, or any other combination of them, were not observed. One major difference was observed between the two separated groups of characters after phage P I transduction : although the Tc-resistant hsII+ colonies were donors of Tc resistance and hsII determinants, the transductants resistant to Sm and Su did not act as donors of resistance to either of these drugs.
D. B A N N I S T E R
Mobilization of non-transmissible characters introduced by transduction. Transductants carrying the non-transmissible Sm an Su resistance determinants were infected with the following sex factors: F; R124, an$+ R factor; R143, an$-R factor; R313-T-I, an $-segregant of R313, produced during conjugal transfer. The sex factor-infected transductants were used as donors to the recipient strain 55-3, and the frequency of transfer of Sm resistance, and any other resistance carried by the strain, was measured. No transfer of Sm resistance was observed when the introduced sex factor was R 124 or R 3 13-T-I, although resistance to Tc was transferred at frequencies of 10-* and I O -~ donor bacterium respectively. A very low transfer of resistance to Sm, about I x Io-6/donor, was observed when the sex factor was F, although transfer of F itself would be expected to be 50 to IOO % under the same conditions.
The rare F+ bacterium acting as a donor of the Sm resistance did not appear to be a recombinant of F and the Sm and Su resistance determinants, since exconjugants which were F+ and resistant to Sm and Su did not transfer Sm resistance at an increased frequency. In the presence of R 143, resistance to Sm was transferred at a frequency of about I x ~o-~/donor bacterium, a figure not very much less than the transfer frequency of the kanamycin (Km) resistance carried by R143 itself (IO-~). About I to 10 % of exconjugants resistant to Km were also resistant to Sm.
DISCUSSION
Although co-existence of an$+ and an$-R factor can occur (Romero & Meynell, 1969) , there has been only one previous report of the stable co-existence of two or more$-R factors in Escherichia coli (Bouanchaud & Chabbert, 1969) . Two R factors of the same$ type can be forced to co-exist in the presence of a combination of drugs selective for the presence of both R factors, but segregation occurs if the strain is subcultured on media lacking the drugs, and recombinant R factors may arise if forced maintenance is prolonged (Mitsuhashi et al. 1962; Watanabe et al. 1964) . The strain 55-3 (R313) was originally assumed to carry a single$-R factor until separation of the transmissible characters into two groups was observed after conjugal transfer of drug resistance. Exconjugants of three types were observed: donor type, that is resistant to Tc, Sm and Su and carrying hsII; resistant to Sm and Su; and resistant to Tc and hsII+. All three types of exconjugant acted as donors of the characters carried, indicating the presence of a sex factor in all types of exconjugant. Although the frequent separation of donor characters during transfer was not due to a high rate of segregation in the parent strain, since no spontaneous segregant types were observed among several hundred donor colonies tested, the two segregant types can occasionally arise without conjugal transfer as demonstrated by the observation that the types of segregant found after penicillin selection are indistinguishable from those found after conjugal transfer. The same two types of segregant are again found after phage P I transduction, with the important difference that the Sm and Su resistant transductants do not have detectable sex factor activity.
The conjugal separation of drug resistance determinants carried in association with an$-R factor, and the successful isolation of an$-sex factor not associated with any observed drug resistance determinants, has been reported previously, and the existence of variable degrees of attachment of the determinants to the sex factor postulated to explain it (Anderson, 1966; Anderson & Lewis, 1965) . If such an hypothesis was Co-existence of twofi-sex factors 279 adopted here, the phage PI transduction showed clearly that the determinants for Tc resistance and hsII were very closely associated with the sex factor, while the determinants for resistance to Sm and Su were not. Such a conclusion is untenable since both exconjugants and segregants which had lost Tc resistance and hsII, and may thus be assumed to have lost the sex factor associated with them in transduction, are still capable of transferring Sm and Su resistance. Hence it seems preferable to regard the evidence of the phage PI transductions as demonstrating the presence of an R factor, characterized by its association with resistance to Tc and being hsIIf. A second sex factor could be present in 55-3 (R313) not associated with any other detected determinants, in which case the Sm and Su resistance determinants must be on a third plasmid. Alternatively, this sex factor may be attached to the determinants for resistance to Sm and Su, which would mean that a secondfi-sex factor was present in the strain. Although twofi-R factors do not usually co-exist stably, there is one report of a strain simultaneously carrying threej-R factors (Bouanchaud & Chabbert, 1969) . In view of their results and ours, it is therefore possible that thefi-class of R factors comprises more than one group. Until recently thefi-class could only be negatively defined by failure to repress the expression of F. The recent isolation of a phage which specifically adsorbs to the pilus produced by col I and the majority offi-R factors, the I-specific phage, has revealed a relationship between col I and some R factors (Meynell & Lawn, 1968) , but there is no information as to the nature of the remaining factors. The Sm and Su resistant phage P I transductants were not transmissible so that if these resistance determinants are normally linked to a sex factor, a second unusual situation has to be postulated, namely incomplete transduction of the plasmid. There has been one previous suggestion that incomplete transduction might occur with phage P I (Romero & Meynell, 1969) Dubnau & Stocker, 1964) . The only evidence supporting the possibility that the Sm and Su resistant transductants are the result of incomplete transduction of an R factor is the mobilisation of the Sm resistance by thefi-R factor, R 143. R 143 permits the adsorption of the I-specific phage (Meynell & Lawn, 1968) . No mobilization of Sm resistance was observed with thefi+ R factor R 124, nor with the Tc resistance R factor obtained from R313, R313-T-I, and the frequency of mobilization with F was very low. It is possible that restoration of transmissibility to the Sm resistant transductants by R I43 represents complementation of the defective sex factor produced by incomplete transduction. Since the mechanism by which sex factors mobilize non-transmissible plasmids is still unknown, the evidence derived from mobilization studies cannot be conclusive.
In summary, 55-3 (R 313) could carry an 5-R factor (with Tc resistance and the hsII determinants), a plasmid (carrying resistance to Sm and Su, but having no sex factor activity), and anfi-sex factor (not associated with any detectable determinants other than those for sex factor activity). However, there is no direct evidence for the existence of a second sex factor and an alternative is that there are twofi-R factors, one with Tc resistance and hsII determinants, the other with Sm and Su resistance determinants. Both alternatives involve combinations of plasmids not previously reported and while the evidence is not conclusively in favour of either, the recent findings of Bouanchaud & Chabbert (1969) make it more probable that two fi-R factors do co-exist stably in J 5-3 (R 3 13).
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